This paper analyses the mobility of academic biomedical researchers in the US and the UK. Using a database of 292 UK based academics and 327 US based academics covering the period 1956 to 2012, the descriptive analysis shows that there is a high level of career mobility with 50% of the sample having changed jobs at least once, and 40% having moved within academia. There is no significant difference in job-job mobility between the two countries. The econometric analysis focuses on the importance of postdoctoral training. The results indicate that working in the US is correlated to higher researcher performance in terms of both publication numbers and impact/quality adjusted publications. The publications of researchers with postdoctoral experience are generally of a higher average impact. This applies especially to postdoc experience at top-quality US institutions although a postdoc at a UK top institution is associated with higher top journal publications and higher average impact. In relation to the UK sample, we find that a US postdoc (especially in a top institution) is correlated to subsequent performance in the UK academic market. Finally, we see that US postdocs that stay in the US publish more and publications with higher impact/quality than those that move to the UK; however, these effects are stronger for those who studied for their PhD degree outside the US. Therefore, we find some evidence that the US is able to retain high performing incoming PhD graduates.
Introduction
In the last 30 years, biomedical sciences have become a fundamental area of research in national scientific research portfolios (Adams, 1998; Glover et al., 2014) . Despite increased scientific production in countries in Asia and continental Europe, the US and the UK remain the leaders of the field (Wu, 2004; Webster, 2005; Glanzel, et al. 2008; Hu and Rosseau, 2009; BIS, 2013 1 ).
Biomedical sciences, like other scientific fields (OECD, 2008; Auriol et al., 2013) , are characterized by increased internationalization of their human resources and collaboration patterns (NIH, 2012) . In the US, foreign citizens represent the most important part of the biomedical science work force (Stephan, 2012) and their share has increased more rapidly compared to the share of nationals (NIH, 2012) . Growing internationalization is evident at all research levels starting from PhD students and postdocs to full professor in the US, and similar trends are observed in the UK (Sastry, 2005; HESA, 2007; BIS, 2013) .
The world's top researchers tend to move (e.g. as undergraduate students, PhD students, postdoctoral researchers or workers with permanent contracts) to countries with strong research systems, with the result that their mobility is an indication of the attractiveness of a country (Hunter et al., 2009) or institution (Oyer, 2007) . Despite the importance of this globally mobile workforce, we have little information on the role of foreign-trained and other types of 1 Webster et al., (2003) showed the strength of the UK as the second highest producer of papers in the field of biomedicine, but noted also that Japan overtook the UK in terms of number of articles in the latest years of the period analyzed (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . BIS (2013) gives further support for the strength of the UK and US in the field, especially in terms of citation impact. Still, it also reports an increased performance in emerging science markets (especially China, which moves to second place behind the US in terms of article numbers), resulting in a slight decline of overall importance (based on world article share) of the US and the UK in the period 2002 to 2012. Both still dominate in terms of field weighted citation impact which increases during the same period.
mobile researches since they are not accounted for systematically across different researcher populations (NIH, 2012; Ghaffarzadegan, et al., 2013) .
In this context, this paper studies the relationship between mobility patterns and academic performance with particular attention to international (transatlantic) mobility, for a sample of 619 US and UK biomedical researchers (327 from the US and 292 from the UK). We carry out a descriptive analysis of labor markets of these countries, paying particular attention to their mobility patterns, and we assess whether postdoctoral stays grant a performance premium, considering international and educational mobility patterns. The BIOMEDMOB database, built from CV information, includes detailed personal information, employment patterns and publishing activities of mobile and immobile researchers for the period 1956 to 2012.
The two samples analyzed are quite similar in terms of mobility patterns, once country specificities are considered. We find that US-based researchers achieve higher performance than UK-based researchers, however the gap between the two has narrowed. US postdoctoral training implies a quality premium for researchers' performance, which is highest for those that completed a postdoc at a top US institution. We also find that this US postdoc premium transfers geographically, that is, researchers working in the UK having completed a US postdoc (especially at a top institution) publish in journals with higher average impact. We also find some evidence that the US is able to not only attract top researchers worldwide at postdoctoral and tenure level, and give them research advantages, but is also able to retain the best researchers who go to the US for their postdoctoral training.
Careers and mobility in biomedical science
Scientists tend to move internationally to countries with strong research systems (Freeman, 2006; OECD, 2008; Weinberg, 2009 ). In the US, the number of international students has increased by 32% since -2001 (Institute of International Education, 2012 . The trend is similar in the UK making it the country with the largest populations of foreign PhD students in Europe. For instance, in 2012, 47% of PhD students in the UK came from abroad 2 (Eurostat, 2012).
The US and the UK are characterized by increasing internationalization of their workforce, a trend that applies especially to the biomedical field. In the 30 years 1978 and 2008 the number of PhDs in biomedical fields in the US more than tripled, from around 11,000 to more than 35,000 (FASEB, 2013) . The number of doctorates awarded in biomedical fields also increased in the UK, with a 41% increase between 2002/2003 to 2012/2013, from 2,380 to 3,365 (HESA, 2013) . In both countries the number of foreign doctoral students has increased significantly (the growth in EU students has been particularly important for the UK). Academic employment has also increased, but at a lower rate and in the form of nonpermanent positions, encouraging young researchers to look for postdoc positions and other employment opportunities in other sectors (NIH, 2012:25) . 3 The number of postdocs in biological science in the US has increased from 7,083 in 1980 to 21,537 in 2010, accounting for 34% of all postdocs in science, engineering and health in 2010 (GSS: 2013). Ghaffarzadegan, et al. (2013) biomedical fields increased slightly from 28% in 2007/2008 to 31% in 2012/2013. 4 Foreign postdoc researchers with temporary contracts in the UK also increased in that period, from 46% to 50%.
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The increasing biomedical workforce, including more international workers employed on a temporary basis looking for employment in non-academic sectors, has raised policy concerns about the increasing temporariness of the biomedical workforce. The report published by the NIH (2012) highlights the increasing number of temporary contracts, and recommends reducing the duration of postdoctoral positions to a maximum of two years. Postdoctoral positions could be an opportunity for research development (Gentile et al, 1989; Levey et al, 1988; Steiner et al, 2002; Su, 2011) , a solution for researchers unable to find a permanent position (Zumeta, 1985) or for those with visa restrictions (Lan, 2012) . 6 However, as the NIH report suggests, the lack of information on postdocs and other mobile workforce in the field (such as foreign trained) makes it difficult to determine the effect of the increasing number of postdocs and other changes at a systemic level.
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To contribute to this debate, in the empirical sections of this paper, we use individual level data on researchers' careers to investigate mobility patterns of academics based in the US or the UK, and analyze the effects of postdoctoral training on research performance. This will allow us to identify whether career paths differ between researchers in the two countries and whether postdoctoral mobility pays off in terms of research performance. Postdoctoral research training can be either a stepping-stone in a scientific career or a sign of "job 4 Extracted from HESA database, September 2014. 5 Extracted from HESA database, September 2014. 6 Most postdocs in the broadly defined biomedical fields are in the US on temporary visas. In 1980, 35% of all US postdocs in science, engineering, and health were in the country on temporary visas; this figure was 53% in 2010 (own calculations based on NSF data). 7 Foreign trained are not accounted for systematically across research populations (students, postdocs, researchers working in academia or industry).
queuing" for a better position, risking the scientist losing momentum (Zumeta, 1985; NRC, 2012) . There is some evidence that a post-doc improves academic performance (Meng and Su, 2010; Su, 2011) and the scientific impact of the individual's work (McGuinnis et al., 1982) . There is evidence also that foreigners are more productive than their native US peers (Stephan and Levin, 2007; Corley and Sabharwal, 2007; Lee, 2004) . Taking this evidence together might suggest that the effect of going to a leading scientific country to undertake a postdoc will have a positive effect on academic performance. However, foreign nationals appear also to be more likely to undertake postdoctoral positions because of the poor availability of other employment opportunities (Corley and Sabharwal, 2007) , thereby increasing the length of their postdoctoral period (Stephan and Ma, 2005) . Also, researchers that undertake a postdoc in a foreign leading scientific country appear to have important research advantages (due to selection processes and high motivation) that allow them to benefit more from a postdoctoral stay in terms of research performance, but also risk the disadvantage of precarious research markets which could then diminish these research advantages. Studies of the academic job market show also that the quality of the institution providing the training affects the institutional selection process and influences future career performance (McGuinnis et al., 1982; Long, 1978) . Being trained at a top-quality institution might grant postdocs additional research advantages which, in the case of foreign nationals, might help to overcome the disadvantages and lead to a successful stay in terms of academic performance.
Data description
Our sample is drawn from researchers (Principal Investigators (PI) and/or Co-Investigators (CO-I)) that received funding from the two most important public funding agencies for similarities and a few interesting differences.
Basic Demographic Information
A total of 22% of researchers in the sample are women; the average age is 53 in 2012; 77%
are US or UK citizens; 81% studied for a US or UK undergraduate degree; 86% were awarded a PhD degree by a US or UK institution (average year of BA award is 1980 and PhD 1985) . The average researcher was appointed to a first academic position (tenure or tenuretrack) in 1990. There are some differences between the US and the UK samples. the Netherlands with about 8% respectively in the UK and by Germany (11.4%), Canada (8.6%) and Switzerland (8.6%) in the US. Table 3 presents detailed comparative information on academic mobility. All variables are dummies except for the number of job-job changes which has a maximum value of 4 in the UK sample and 6 in the US sample with a mean of 0.78 for both countries. On completion of their PhD studies, 81% of researchers did a postdoc 10 . In both systems postdocs are very prevalent, with 84% of researchers in the UK and 80% of researchers in the US, respectively. This is less common in the US sample where multiple postdocs tend to be in different universities in the US. 3 PRO in the UK sample includes mobility to UK Research Councils and European public institutions. 4 Includes cross-border mobility. 5 The same academic can be forced and voluntary mobile at different career stages. 6 Comparing the amount of within US mobility in NIH data to within UK mobility in BBSRC data.
Postdoc mobility

International and Career mobility
The second part of Table 3 presents a detailed set of statistics concerning job changes after the postdoc (job-job mobility). Based on CV information, we reconstruct the mobility paths of researchers from their career start (the year of their first job after PhD or after the postdoc for those with postdoc experience 11 ) until 2012.
Most researchers are job-job mobile (51%) with no significant difference between the UK and the US; on average, researchers move between jobs 0.8 times in both countries.
International job-job mobility (change of job that involves migrating to a different country) is much lower, dropping to 7% for the US sample and 17% for scientists working in the UK.
When we exclude intra-European mobility for the UK sample, 13% of researchers still had international job experience during their career, indicating a higher internationalization for the UK sample compared to the US (connections with Commonwealth countries may play an important role here). International job-job mobility between the UK and the US (transatlantic mobility) is important (though it is small in absolute terms) especially for the UK sample with 5% of researchers having previously held a job in the US. Sector job-job mobility involving a move between industry and the public research sector (including higher education institutions (HEI) and public research organizations (PRO)) is small with about 5% of researchers having prior industry experience, in both samples. However, there is an important difference between the UK and US job markets with respect to sector job-job mobility between PRO and HEI, where 10% of UK researchers had a job in a PRO (including UK Research Council and European public research institutions), but only 5% in the US.
About 40% of researchers have changed higher education (HE) employer at least once (HEI Mobility) with no significant difference for the two samples. This similarity indicates that policy actions (such as the REF 12 ) and incentives for mobility in the UK have made the UK system similar to the US with regard to academic mobility. For mobility within the higher education sector we can further distinguish between voluntary and forced mobility. The former is defined as a move after an academic is granted a permanent (tenured) academic post, while the latter is a move when occupying a fixed-term academic position. In the UK, assistant professorships are considered permanent positions subject to a three-year probation period. In the US, assistant professorships are tenure-track positions and, thus, not permanent.
If an academic moves before achieving associate professor status in the US, this is considered forced mobility. These differences in the academic markets result in significant differences in the number of forced and voluntary moves in the US and the UK samples. Amongst the BBSRC sample, 35% of academics move voluntarily to a different university, while only 7% are forced to move. 13 In the US, 24% change jobs while holding a permanent position, but 26% move while holding a fixed-term position. For comparison, we also look at junior (assistant and temporary jobs) and senior (associate and full professor) mobility and find that there is no significant difference between the two samples with about 25% of researchers in each group having experienced an academic job change.
Job-job mobility between universities in the same country is more likely amongst US-based academics (40%) than UK-based academics (30%). This is mainly due to the important role of intra-EU mobility (32%) and mobility between the UK and Commonwealth countries, which are especially important for associate and full professors explaining most of the 12 See Moed (2008) for the changes in publications behavior (quantity and quality) encouraged by the Research Assessment Exercise (RAE), the precursor of the REF. See Elton (2000) for more general consequences of the RAE. 13 In the UK most contracts are permanent and forced mobility is usually observed before academics move to the UK or if they are on rolling teaching contracts.
difference between the UK and the US in HEI senior mobility (HEI junior mobility is not significantly different even at country level).
14 Finally, for mobility associated with career promotion (promotion to a higher academic rank), there are no significant differences between the two samples. On average, job changes associated with promotion account for about 17% of cases.
Model and results
In the econometric analysis in this section, we focus our analysis on measuring the relationship between postdoctoral training and publication outcomes, controlling for the quality of the postdoc granting institution, education path and a variety of other individual and institutional factors. We address three main related research questions based on the unique availability of transatlantic mobility data. Our analysis is performed in three steps:
First, we investigate whether academics that work in the US have a performance advantage compared to those working in the UK, and the role of postdoctoral training in this difference.
Second, we investigate whether UK academics who did a postdoctoral fellowship in the US have a performance advantage compared to those undertaking a postdoc in the UK. Third, we investigate whether the US is able to retain the best postdocs by estimating the performance of academics in the US and UK that undertook a postdoc in the US. We limit the analysis to papers published from 1991 onwards since the number of researchers already active before 1991 is very small.
Dependent Variable -Publications
Journal publications were collected from the Medline database using PubHarvester (Azoulay et al. 2006) . The Medline database includes bibliographical information for articles published in the life sciences and biology. We collected publications for all the academics in our sample. Those with common name-surname combinations and those with Asian last names were excluded and publications reliably collected for 512 academics, 244 UK academics and 268 US academics.
To account for journal impact/quality we matched each publication to the Journal Citation . 16 Thus, while the number of publications has more than doubled over the past 20 years, the number of publications in top journals has increased by only 50%.
In addition Figure 1 also reports the average number of publications per academic per year (Medline) weighted by co-authors. The number of co-authors per paper has increased 16 The average JIF for publications in our dataset increased from 3.21 in 1991 to 4.69 in 2012, an increase of 50%. Figure 1 shows that the number of articles divided by the number of co-authors (the co-author weighted article count) has increased at a much slower rate, from 0.58 in 1991 to 0.72 in 2012, an increase of just 25%.
Figure 2: Number of Publications by Dataset
Our data come from two different datasets: BBSRC and NIH. Figure 2 compares the performance of UK and US researchers and shows that the previously observed trend of an increase in publications can be found for researchers in both datasets. The average number of publications per year is slightly lower for researchers in the BBSRC sample, but the difference is not significant. However, academics in the UK publish fewer articles in the top 5% of journals, and articles of lower average impact/quality. This performance gap has been 
Identification strategy
The descriptive statistics suggest that academics in the US have a performance advantage compared to those in the UK. We therefore want to estimate this performance premium (the difference in publication performance between US and UK researchers) empirically. Since this potential premium may be related to the location of postdoctoral training, we include measures that compare the performance of academics that did their postdoc in the US to those that did their postdoc in the UK or some other country and to those with no postdoc, while controlling for education background and other personal and institutional characteristics.
This simple model does not account for the quality difference in postdoctoral training.
Therefore, we include a control that allows us to compare the performance of researchers that did their postdoctoral training in a top biomedical training institution against those that did their postdoctoral training in a less important institution. This allows us to distinguish between the publication premium for a postdoc in the US compared to the UK, and the publication premium that is attributable to institution quality.
This first analysis combines various questions in a heterogeneous sample. As a second and third step we base our estimation on the difference-in-difference (DD) approach using a subpopulation of our sample. In the second model we limit our estimation to academics working in the UK who did a postdoc in the US or in the UK. We exclude academics that did their PhD in the US (but were working in the UK) so as not to confound the US postdoc effect with a US PhD effect. This approach is preferable to a regression that includes researchers of all career paths, which does not account for the unobserved heterogeneity of training background. Further, models that include both US and UK researchers do not allow us to check whether researchers with US training also perform better outside the US. Thus, based on the UK sample, we use a DD identification that allows us to compare the performance of researchers whose postdoctoral training was in the US compared to those that took up a postdoc in the UK. This enables us to investigate whether there is a US postdoc premium also for academics working in the UK academic market. Also, we consider that a US performance premium might be limited to receiving postdoctoral training at a top US institution. The DD is thus able to tell us whether the US postdoc premium is attributable to institution quality. As a third step we compare the performance of academics who work in the US with those on similar training paths who work in the UK. We limit the sample to academics who completed their postdoctoral training in the US to account for the unobserved heterogeneity of postdoctoral background. This DD identification also allows us to compare the performance of researchers that did their PhD training in the US with those that did their PhD training elsewhere. The DD thus distinguishes between the publication premium from working in the US (our main variable of interest) and the publication premium attributable to PhD training.
Postdoc quality measure
In order to assess the importance of a US postdoc for future performance, we need to identify those institutions that will provide the greatest prestige or performance benefit, or that are more likely to attract or select the most promising young researchers. We construct a ranking of US universities based on the US National Research Council's assessment of doctorate programs, which is undertaken every 10 years. This assessment, available in a more or less comparable manner from 1982 onwards, evaluates the quality of US universities by subject area. We limit the ranking measure to doctoral programs in bioscience and biochemistry and identify those programs that were ranked amongst the top 10% in their field for the years We also rank UK universities using a disciplinary research ranking measure based on publication productivity and quality of the institution. We use Web of Science (WoS) publication data on UK universities compiled by Thomson Evidence, for the biomedical Amongst the NIH academics undertaking a postdoc, 114 did a postdoc at one of the top US institutions (48% of those with a US postdoc) and 9 at one of the top UK institutions.
Amongst the BBSRC academics, 25 (34% of those with a US postdoc) did a postdoc at a top US university and 119 at a top UK institution (65% of those with a UK postdoc). Eleven BBSRC academics undertook postdocs at a top US and a top UK institution (31% of those with US and UK postdoc).
Empirical Model
We estimate our baseline model and the DD models as Poisson regressions to account for the count nature of our data (numbers of publications). 19 This leads to an exponential functional form estimation equation for our baseline model:
where P it is the count variable which represents the publications by academic i in t and is assumed to be Poisson distributed with . (Wooldridge, 2002) . 21 Standard errors are 19 The average journal impact factor is a non-integer value but it follows a Poisson process and is consistent if robust standard errors are specified. 20 Results are robust if we include additional controls, e.g. past job mobility, current country of employment or seniority. These measures raise endogeneity concern, however, and are therefore not included in the models presented here. 21 The consistency of the negbin model is further rejected in the publication impact/quality models. It would be appropriate for the publication count model, which is more skewed, to use negbin, but the results are very similar and since the Poisson estimates are more conservative they are preferred.
further clustered at the level of the individual, allowing estimation of a random effects
Poisson model.
The number of academics is reduced to 498 due to missing values in some of the explanatory variables; the reduced sample is still comparable between the US and the UK with regard to gender and education mobility of academics; BA and PhD graduation year are different (as in the total sample), but the same within a three year cohort. There are more full professors in the US compared to the UK sample. In the UK sample we also have a group of young scientists who were not awarded a grant as PI before 2012 (only Co-I grants). We include a control in the regressions to capture any potentially missing experience effect of these Co-Is.
Results
The main results are presented in Table 5 and are shown for three different performance measures: 1) the total number of publications, 2) the number of publications in top journals, and 3) the average journal impact factor of all publications. We report the marginal effects.
The results we find for the total number of publications (measure 1) are confirmed if we consider only the number of publications in JCR journals or if we weight the number of publications by the number of co-authors.
The results show that generally women produce significantly fewer publications than men and fewer in top journals, but that their publications are of equal average impact/quality. The number of publications and their impact/quality increase with age, albeit with diminishing returns. 22 Researchers publish fewer articles, but not articles of lower impact/quality, when employed at private sector firms compared to employment at universities. Those working at research hospitals publish fewer articles in top journals, and of lower average impact/quality, than those working in a university department. Performance does not change when researchers work for public research organizations. We included year and career start year fixed effects, they are jointly significant. The results are also confirmed if we include an experience (defined as number of years since career start) or a PhD year (year of PhD award)
fixed effect in place of the career start year fixed effect.
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The US sample dummy is positive and significant in all estimations, showing that, all else being equal, academics working in the US on average produce 1 publication and 0.9 publications of high impact/quality more than those in the UK, while the average impact/quality of their publications is 1.76 points higher than that of UK based academics
The postdoc dummies show that academics that undertook a postdoc do not produce more publications than those without a postdoc and also do not publish more in top impact journals. However, academics with postdoctoral experience publish in journals of higher average impact/quality than those without. The differences between the countries in which the postdoc was held are not significant, meaning that those with a postdoc in the US do not publish more than those with a postdoc in the UK once we control for country of employment and other factors.
The quality dummy for the postdoc institution (Top US/Top UK) further allows us to see if those coming from top institutions publish more compared to those from other institutions or those without a postdoc. We find that those with a postdoc in a top UK or US university do 23 Results are available from the authors upon request.
not publish more articles than other researchers. Also, despite the large positive coefficient, top UK postdocs do not publish significantly more articles than top US postdocs (test of equality between UK and US top postdoc is only rejected at the 11% significance level). We find, however, that top UK postdocs publish more articles in top impact journals compared to those without a postdoc or a postdoc in a country other than the UK or the US, but do not have a significantly higher average impact factor. For the top US postdoc, we find no significant added performance premium in terms of number of publications in either all or top impact journals. The top US postdoc, however, is associated with a higher average JIF of 0.6.
This positive correlation remains if we exclude academics without postdoc experience,
showing that top US postdocs produce research of higher average impact/quality than those with a postdoc elsewhere.
We also control in our estimations for PhD education and find a negative marginal effect of a US PhD on publication numbers and top publications, but not significant on average impact/quality. Most academics with a US PhD remain in the US and, thus, continue to produce more publications than researchers working in the UK. But, they produce fewer publications and fewer top publications than academics trained outside the US that moved to the US for a job or for a postdoc and stayed there to further their careers. 
DD Estimation 1 -UK sample
The baseline model in Table 5 shows that academic performance is higher in the US. It also indicates that those that took up a postdoc in a top US institution perform better in terms of impact/quality than those undertaking a postdoc elsewhere, even when working in the UK. A top UK postdoc is associated with a higher number of top impact/quality publications compared to those without a postdoc, but not with higher average impact/quality. To confirm the robustness of this result, in a second step we analyze whether UK based academics that undertook a postdoc in the US perform better compared to UK based academics that did a postdoc in the UK. We limit the analysis to academics whose PhD degree was awarded outside the US in order to measure only the additional performance premium of a US postdoc and not confound it with a potential US PhD correlation. The results are presented in Table 6 .
The results show no significant differences between men and women for any of the performance measures. Publication numbers, but not average impact/quality of the publications, increase with age. We also checked the results including seniority variables, and the results are robust, with age turning insignificant.
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For the postdoc measures, we find that academics in the UK with a postdoc at a US institution do not publish more articles than those with a UK postdoc. However, in the model that predicts the average JIF, we find a strong positive result for academics that did a postdoc at a US institution, increasing the average journal impact/quality by 0.6 points. We also compare the performance of those that did their postdoc at a top US or top UK institution, to the performance of academics with a postdoc at a lower quality institution. The results confirm that top UK postdocs do not have a significantly different effect on publication 24 Estimations including seniority might potentially suffer from endogeneity. Results including seniority measures are available on request numbers or impact/quality than those at lower quality institutions. At the same time, we find that academics with a US postdoc publish fewer articles, but that these are of higher average impact/quality. The average JIF of their publications is 1.3 points higher than that of all other academics. Thus, even in a market outside the US those with a postdoc from a prestigious US university produce research of higher average impact/quality. However, they do not produce more top articles or more publications in general.
DD Estimation 2 -US Postdoc sample
In the base model in Table 5 we found a performance premium for scientists working in the US, and in the second estimation in Table 6 we found a performance premium for UK researchers with a postdoc in the US. We are further interested in whether the US is able to keep the most talented researchers in the biomedical sciences. As a next step, we therefore reduce the analysis to academics with a postdoc in the US and check whether those staying in the US perform better than those that move to the UK. Table 7 reports the results of the estimation.
We see that women with a US postdoc produce fewer publications and fewer publications in top journals than men with a US postdoc, but the average quality of the publications is equal for men and women. Age has a positive significant effect, with diminishing returns.
Our results show that those US postdocs that continue to work in the US publish more and of higher impact/quality compared to those that move to the UK. However, those that also completed their PhD education in the US publish articles in journals of lower average impact/quality than those that moved to the US from abroad to do their postdoc. We also checked the robustness of these results by dropping the PhD-job interaction variable and the results do not change. The main US Job effect remains strong and positive, although with a slightly smaller marginal effect, and the US PhD effect is negative and significant in all estimations. The second set of models in Table 7 includes a control for whether the US postdoc was completed in a top US institution. While the postdoc quality measure is not related to publication numbers, it is positively correlated with the number of articles in top quality/impact journals and average journal impact/quality (at 11% significance). These results confirm that PhD education in the US is not correlated to achieving higher publication performance; also, the combination of a PhD, postdoc and job in the US tends to result in lower impact/quality adjusted performance compared to academics working in the US with a more international career path. To summarize, we find some evidence that the US system is able to retain high performing academics who completed their PhD degree in another country and went to the US to do their postdoc (especially at top US departments).
Conclusion
Biomedical science is an important and growing area of academic research, led by the US and the UK, which are able to attract promising researchers from other countries. The field is characterized by a highly internationalized labor force and increasing collaboration between researchers (NIH, 2012; BIS, 2013) . This is an ideal setting to study academic labor market characteristics, mobility patterns and the correlation between international (specifically transatlantic) mobility and research performance across career stages (student, postdoc, untenured, and tenured job levels). In order to carry out this analysis, we constructed the BIOMEDMOB database that includes original individual level data extracted from CVs and semi-automated information on academic performance. This allowed us to trace researcher's movements along their careers, across countries and jobs, while tracking also their academic performance. These unique dataset made it possible to compare the two labor markets in their ability to attract researches at all career stages and to identify the performance premium associated with these different career stages.
The analysis presented in this paper was based on a sample of 619 US and UK biomedical researchers (327 from the US and 292 from the UK) in the period 1956 to 2012. We found that postdoctoral stays are common among biomedical academics (81%) and that most are located in the US or the UK, although about 20% of researchers working in the UK and about 25% working in the US had undertaken a post-doc in a third country. We found that job changes following the postdoc are common, with about 50% of our sample having changed jobs at least once since their first appointment after the postdoc. We did not find a higher mobility rate for the US sample. In relation to mobility within academia, mobility between universities within the domestic labor market is smaller in the UK than in the US. However, if we take into account international mobility (for example EU and Commonwealth mobility), we find a mobility rate similar to that in the US. Also, in terms of mobility for promotion and mobility to and from industry we found no significant differences between the two samples.
Incentives and policy action implemented in the UK during the last 20 years seem to have resulted in a UK academic market for biomedical sciences that is similar to the US market with regards to academic mobility.
We observed that publication patterns have changed considerably over the two decades under study, with output increasing more in quantity than impact/quality and a narrowing of the impact/quality gap between the UK and the US. The number of publications has more than doubled over the period 1991 to 2012, while the number of publications in top journals has increased at a much slower pace (a 50% increase). The number of co-authors per paper has nearly tripled over the 20 year period; if we consider the number of articles per co-author then total publication numbers increased by only 25%. Comparing the research performance of academics in both countries, we found that UK based academics publish less frequently in higher quality journals (top 5% journals) and have a lower average journal impact factor, although they had been able to reduce this impact/quality gap with US based academics.
This initial evidence led us to investigate further the degree and source (in terms of career stage) of this performance premium for researchers working in the US. First, we analyzed the effect of US postdoctoral training (compared to a similar training in the UK, in other countries or no postdoctoral training) and its quality, controlling for education background and other personal and institutional characteristics. We confirmed the performance premium for US-based academics in terms of number of publications, publications in top journals and average journal impact factor. The results for the whole sample (researchers working in both the US and the UK) show that academics with a US or UK postdoc do not publish more than those without this training, but they appear to publish in journals of higher average impact/quality. Postdoctoral training seems more relevant when conducted at a top-quality institution. We found some evidence of a positive correlation between doing postdoctoral training in a top-quality UK institution and publications in top journals and a significant correlation between having top postdoctoral training in the US and subsequent average publication impact/qualityJIF. These results are consistent with Long (1978) who found that postdoctoral training is especially important for publication quality. The weak negative results (for total publications and publications in top journals) of PhD training in the US supports the US's ability to attract the best researchers worldwide at postdoctoral level, and give them a research advantage.
We also examined whether this 'US postdoctoral training' advantage is transferable geographically and holds for researchers working in the UK. We reduced the heterogeneity of our sample by focusing only on UK based academics who received their PhD training outside the US, to measure the US postdoctoral effect and perform estimations, by employing a DD style approach. The results confirmed that US postdoc training is associated with publications of significantly higher average impact/quality later in the academic career in the UK (although lower publication numbers). This premium is higher if the postdoctoral training is undertaken in a top US institution.
We also investigated whether the US was able both to attract the best researchers and give them performance advantages, and to retain the best researchers. We applied the same DD style approach but focused on academics with a US postdoc to check whether those who stayed in the US perform better than those that leave. The results show that researchers with a US postdoc who stayed in the US gain a performance premium. However, those who did their PhD in the US publish articles of lower average impact/quality than those that move to the US for a postdoc.
Among the control factors, we found a positive correlation between academic rank and our various measures of research output, which is stronger for the US than the UK sample. We also found evidence for the US sample that female researchers show lower productivity in terms of total publications and publications in top journals, but are similar to men with regard to the average impact/quality of publications. For the UK we found no differences for any of these measures.
Overall, our results provide some support for the view that postdoctoral training is a crucial mechanism for attracting top researchers to the US, that this offers researchers a performance premium in terms of research quality, and that this premium is stronger if the training takes place in a top institution. The performance premium found for researchers that undertook postdoctoral training could be attributable to the selection procedures applied in the US, the resources available, or other institutional and social advantages. We did not have the necessary information and sufficient number of observations to properly test the selection hypothesis. Also, we did not consider the duration of post-doctoral training. This might allow better qualification of our positive results for postdoctoral training in the future, as we would expect a decrease in performance for longer postdoc periods. However, we also cannot say anything about the negative consequences of increasing the duration of postdoctoral training or repeated temporary contracts that also increase in both countries, issues that are heavily discussed in the policy literature.
Finally, the higher performance of US researchers could be attributable to the US university system's ability to attract, select and retain the best researchers worldwide and to give them the resources and institutional and social advantages to improve their performance. In the set up in this paper we could not test these reasons. However, it is interesting to note that the UK academic system in biomedicine is highly internationalized (and even more so than the US in relation to late career mobility), it shows as much mobility and competitiveness as the US, and it has a promotion path associated with mobility that is similar to the US. Thus, it seems that the UK and US academic labor markets are very similar. Researchers working in the UK of similar age and education to researchers working in the US, still underperform compared to their US counterparts. Resources, institutional and social advantages might be reasons for this difference.
